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ABSTRACT 
 
This paper presents an experimental investigation on the lateral impact response of axially loaded 
concrete filled double skin tube (CFDST) columns. A total of four test series are being conducted at 
Queensland University of Technology using a novel horizontal impact-testing rig. The test results 
reported in this paper are from the first test series, where the columns are pinned at both ends and 
impacted at mid-span. In the next three series, effects of support conditions, impact location and 
repeated impact will be treated. The main objectives of the current paper are to describe the innovative 
testing procedure and provide some insight into the lateral impact behavior and failure of simply 
supported axially pre-loaded CFDST columns. The results include time histories of impact forces, 
reaction forces, axial force and global lateral deflection. Based on the test data, the failure mode, peak 
impact force, peak reaction forces, maximum deflection and residual deflection, with and without axial 
load, are analyzed and discussed. The findings of this study will serve as a benchmark reference for 
future analysis and design of CFDST columns. 
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INTRODUCTION  
 
Concrete filled double skin tube (CFDST) is a creative innovation of composite steel-concrete 
construction and consists of two concentric steel tubes separated by concrete filler. It optimally 
combines the benefits of traditional concrete filled tube (CFT) and those of a sandwich form resulting 
in lighter weight, higher bending stiffness, better cyclic performance and better fire resistance. 
Additionally, the cavity inside the internal tube can cater for facilities and utilities such as power 
cables, drainage pipes and telecommunication lines where needed. 
 
The CFDSTs were firstly introduced as a new form of construction for deep-water vessels to resist 
external pressure (Montague 1975). They have been used for nearly two decades as legs of offshore 
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platforms (Wei, Mau et al. 1995) to mitigate stability concerns in hollow steel tubes. More recently, 
CFDSTs have been used as a new sustainable alternative to existing structural bridge piers (Yagishita, 
Kitoh et al. 2000) to reduce structural weight and enhance energy absorption under seismic loads. 
They have also been used as transmission towers (Li, Han et al. 2012) where they provide savings in 
material and construction costs.  
 
The superb structural and constructional characteristics of CFDSTs have drawn the attention of many 
researchers. In the past decade, intensive studies have been conducted to assess the strength of this 
member form under axial and bending loads and its ability to dissipate energy under cyclic loads 
(Elchalakani, Zhao et al. 2002, Zhao, Han et al. 2002, Han, Tao et al. 2004, Tao, Han et al. 2004, Han, 
Huang et al. 2006, Uenaka and Kitoh 2011), all of which have highlighted the increasing demand for 
the use of CFDST as bridge piers and building columns. However, when CFDSTs are used as legs of 
offshore oil platforms, bridge piers, columns at the frontage of buildings or in car parks, they do not 
only bear conventional service loads, but are vulnerable to accidental or intentional lateral impacts 
caused by collision with vehicles/ships. The resulting damage can be costly and can lead to structural 
collapse with human injury or fatality risks.   
 
Corbett, Reid et al. (1990) experimentally investigated the response of CFDSTs to high velocity 
projectile impacts (i.e., sharp local impact or penetration) when they are used as a replacement to the 
original section or as an addition to the steel tube piping system. The results of the experiments 
indicated highly localized circular shape dent on the outer tube and axially extended dent on the inner 
tube. Recently, Wang, Qian et al. (2012) numerically investigated the effectiveness of double skin 
tubes filled with light weight concrete for use in oil and gas pipeline applications in arctic 
environments to resist penetration by an impacting object. They examined three types of simply 
supported models, namely models of (i) hollow steel pipe, (ii) concrete-filled hollow steel pipe and (iii) 
concrete-filled pipe in pipe (i.e. CFDST), under low velocity transverse impacts. The numerical results 
indicated that the CFDST had a strong resistance under transverse impact loading. More recently, Li, 
Lei et al. (2013) numerically examined the lateral impact behavior of CFDST when used as a 
structural member with fixed boundary conditions. The impact velocity was ranging from 7.67m/s to 
11.71m/s. It was shown that the failure model includes the integer bending deformation and local 
bucking at mid-span. 
 
These previous studies show that CFDST members generally have excellent impact resistance. 
However, these studies are mostly focused on local projectile impact response of CFDST when used 
as pipelines. They lack insight into the impact performance of CFDST structural columns bearing axial 
loads. Moreover, they are mainly based on numerical simulations with limited scope and yielding only 
preliminary conclusions. It is believed that experimental investigation is required to fully understand 
lateral impact performance of CFDST columns for development of practical design methods.  
 
This paper investigates experimentally the response of axially loaded CFDST column under lateral 
impact load aiming to (i) describe the novel horizontal impact-testing rig used to conduct the tests, (ii) 
report a set of experimental results on circular CFDST columns, and (iii) study typical failure modes 
and time histories of the impact forces, reaction forces and global deflections of CFDST columns. 
 
EXPERIMENTAL PROGRAM 
 
Horizontal Impact-Testing Rig 
 
The horizontal impact-testing rig (Figure 1) is designed, constructed and installed on the strong floor 
of Banyo Pilot Plant Precinct, Queensland University of Technology. The rig includes a pneumatic 
instrumented striker, a control box, an axial pre-loading frame, a high-speed camera, and sensors.  
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Figure 1. The horizontal impact-testing rig in the test set-up 
 
Pneumatic instrumented striker 
 
The instrumented striker (Figure 2) is comprised of a frame, a locking device, an actuator and an 
impact carriage. The frame is fixed in place via four anchors, bolted to the strong floor, to increase the 
rig stability. The locking device consists of a commercial quick release device and a steel shaft. The 
shaft is connected on one end to the impact side face of the bellows and features a shackle to fit the 
release mechanism on the other end. The shackle is fixed in the jaws of the release mechanism before 
filling of the pressure vessel. Once the pressure vessel is filled to the desired pressure, jaws are opened 
to release the shackle, which in turn releases the bellows. The actuator consists of a pressure vessel 
and an attached set of expanding bellows. Upon release of the locking device, the pressured air within 
the vessel rapidly expands the bellows. The expansion of the bellows acts to propel the impact carriage 
towards the test specimen. The impact carriage is mounted on guide rails and carries the impact head 
(Figure 3), which functions as the contacting body that impacts with the test specimen, and the ballast, 
which is used to control the mass of the impact body. The striker is capable of delivering a mass of 
160-325 kg across 500 mm via guided rails at velocities of up to 8 m/sec. The impact head did not 
show any sign of plastic deformation throughout the test programme. 
 
 
  
 
Figure 2. The instrumented striker Figure 3. The impact head 
 
Control box 
 
A 32-channel high-speed data acquisition system was employed to digitise the output signals and to 
read, write and process the data. Sampling was carried out from 11 channels simultaneously at a 
frequency of 25 kHz per channel (i.e., the experimental data were recorded at every 40 μs) leading to a 
detailed reflection of the whole impact process. 
 
Axial pre-loading frame  
 
The axial pre-loading frame (Figure 4) includes a ram cap, a plain or fixed cap (i.e., the frame is 
capable of providing two different support conditions at this end), a set of self-reacting system of disc 
springs and tensioned rods. A 1390 KN hydraulic ram, housed in the ram cap, generates compressive 
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axial load that is transferred onto the end plates of the specimen through caps, disc springs and rods 
tensioned by a nut at each end. Twelve sets of two parallel disc springs in series (a total number of 24) 
were placed on the rods between the ram cap and the nut to react almost instantaneously to prevent the 
possible axial load loss caused by column axial shortening under lateral deflection. The pre-loading 
frame is suspended from a supporting frame which is bolted to the strong floor through its columns 
end plates. In this study, the specimen is supported in the direction that is parallel and opposite to the 
impact force by a reaction plate, welded at one end to the specimen end plate and clamped at the other 
end to the supporting frame through a reaction load cell (Figure 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. The axial pre-loading frame 
 
  
Figure 5. The specimen’s support Figure 6. Typical profile of CFDST section 
 
High-speed camera and sensors 
 
A high-speed camera (5145 frames/s at full resolution of 512×512 pixels) was employed to closely 
monitor the behaviour of the column at the impact zone. The camera angle was adjusted to view the 
motion of the impact head as well as the resulting frontal deformations at the column mid-span. The 
camera was mounted at the side of the axial pre-loading frame at a level above the specimen (Figure 1) 
with a good view of 100 mm×100 mm of the column at impact zone.  
 
A string potentiometer capable of handling high acceleration and a linear tooth encoder with a 
resolution of 10 mm were used to measure the impact carriage velocity. Both these devices were 
housed beneath the carriage. A single axis accelerometer module with input range of ±400 g was used 
to measure the acceleration of the carriage during impact. The accelerometer (Model 2260-Silicon 
Designs; carefully designed to avoid resonance) was installed at the centre of the back of the impact 
head.  The carriage acceleration-time history was later used to estimate the impact force-time history. 
Two laser displacement sensors (with measuring range of ±150 mm and resolution of 30 µm) were 
installed at the posterior side of the column; one at mid-span (i.e., impact point) and one at one fourth 
of column length. Another LDS (with measuring range of ±25 mm and resolution of 5 µm) was placed 
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at the posterior side of the column at one eighth of column length. These LDS’s measured the 
deflection and provided an indication of the column curvature. To monitor the axial load level during 
the impact event, two 1500 KN load-cells were located in the ram cap between end plate and the 
hydraulic ram. The reaction forces were measured using two load cells with ±450 KN measuring range. 
 
Specimen Characteristics and Preparation 
 
CFDST members with circular outer and inner steel tubes were prepared for the first test series. The 
typical CFDST section is shown in Figure 6. The specimens were 3 m long. The outer tube had an 
outer diameter (Do) and thickness (to) of 165.1 mm and 5.4 mm, respectively. The inner tube had an 
outer diameter (Di) and thickness (ti) of 33.7 mm and 4 mm, respectively. 
 
To prepare the specimens a 10 mm steel plate was welded to the hollow tubes (i.e., inner and outer 
tubes) at one end. The columns were then securely held upright and the concrete was poured from the 
top and vibrated in the annulus between the outer and inner tubes. They were left to air-dry until 
testing. The longitudinal gap caused by concrete longitudinal shrinkage was filled (using Sikadur 
31/41 Rapid; a high-strength adhesive mortar) so that the concrete surface was flush with the steel tube 
at the top. Prior to testing, this surface was ground smooth and flat using a grinding wheel to ensure 
the axial load could be applied evenly across the cross-section and simultaneously to steel and 
concrete. A 10 mm steel plate was then welded to the outer tube of this end. Finally, the specimens 
were degreased and grid marked on their surfaces.  
 
Static tensile coupon tests were carried out under conditions specified in AS 1391 (2007)  to determine 
the steel tensile strength properties. The mean yield strength, ultimate strength and modulus of 
elasticity of outer steel tube were found to be 300 MPa, 360 MPa, and 206 GPa, respectively, while 
these values were determined to be 301 MPa, 359 MPa, and 220 GPa, respectively, for the inner steel 
tube. Compressive strength of concrete was determined in accordance with AS1012.9 (1986) . The 
mean measured unconfined compressive strength of 100 mm×200 mm concrete cylinder at the day of 
testing was fcu = 34.23 MPa.  
 
Test Set-up and Procedure  
 
When the test set-up (Figure 1) was ready, the axial load was gradually increased until it reached the 
specified value. The actuator was then charged with compressed air to the desired level using the 
LabView application on the computer. Once the specified pressure was reached, the impact-testing rig, 
aimed already towards the specimen mid-span, was lunched and all the sensors were triggered. 
 
EXPERIMENTAL RESULTS AND DISCUSION 
 
A summary of the experimental results is contained in Table 1, where m is impact mass, V0 is initial 
impact velocity, Ei is striker’s initial impact energy, Ea is column’s absorbed energy through bending, 
N0 is applied axial load, Fm is initial peak force, δm is maximum deflection, δr is residual deflection, Rmt 
is maximum total reaction force in tension and Rmc is maximum total reaction force in compression. 
 
Table 1. Summary of the experimental result 
 m (kg) 
V0 
(m/sec) 
Ei 
(J) 
Ea 
(J) 
N0 
(KN) 
Fm 
(KN) 
δm 
(mm) 
δr 
(mm) 
Rmt 
(KN) 
Rmc 
(KN) 
CFDST1A 300 7.2 7776 4712 0 532 85 54 301 310 
CFDST2B 300 7.6 8664 8287 181 551 92 71 236 438 
 
Failure Mechanism 
 
Figure 7 shows the specimens after the impact. It can be observed from this figure that the CFDST 
specimens experienced global bending deformation failure, generally. The failure was exacerbated by 
second-order bending effects resulting from the axial load in CFDST2A as also evidenced by the 
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higher defections of this member shown in Table 1. No sign of local buckling failure could be detected 
from the measured impact energy during testing, demonstrating the benefit of the concrete core. Figure 
8 shows the typical sequence of impact process at the impact area, which was recorded by the high-
speed camera. 
 
 
 
Figure 7. Specimens after impact 
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Figure 8. Selection of frames taken from high-speed camera for impact test on CFDST2A 
 
Impact Force-Time Histories 
 
Figure 9 shows the impact force-time histories of CFDST1A and CFDST2A after some adjustments 
using independent numerical simulations. This adjustment was necessary in these particular tests to 
overcome temporary instrument malfunctioning which introduced some gaps and noise in the data. As 
indicated in the figure, the impact force increases sharply to a peak value at the very beginning of the 
strike as the specimen accelerates from zero to the impact velocity. Subsequently, the impact force 
decreases until it reaches zero followed by spikes with smaller amplitudes. Fast changes of contact 
between specimen and impact head caused by their severe vibrations at the first contact could be 
responsible for the spikes of smaller amplitude. After this phase, the specimen and the impact head 
move together and remain in contact, as observed by the high-speed camera (Figure 8). During this 
phase, the impact force reaches a plateau. Once the specimen reaches its maximum global 
displacement, the specimen and the impact head rebound. However, the impact head rebounds at a 
faster velocity than the specimen. This results in a loss of contact and unloading of the impact force to 
zero value. Comparison between the impact force-time history of CFDST1A and CFDST2A reveals 
that, compared to the case with no axial load, the axial load increases the peak impact force. 
 
 
Reaction Force-Time Histories 
 
Figure 10 presents the total reaction force-time histories. When compared with Figure 9, it shows that 
there is a time lag between the start of reaction force and impact force. This time lag can be explained 
by the fact that the stress waves take a finite time to travel the distance between the impact point and 
Figure 9. Impact force-time histories 
CFDST1A CFDST2A
CFDST1A CFDST2A 
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the supports. Unlike the static condition, the reaction force changes direction throughout an impact 
event. During the first phase of impact force, the reaction force reaches initially a peak value in the 
direction of the force applied. Subsequently, it changes direction and reaches another peak value in the 
opposite direction, followed by other spikes in the opposite direction of the impact force.  After this 
phase, like that manifested in the impact force-time history, the total reaction force reaches a plateau 
followed by a gradually decreasing phase until it approaches zero.  Figure 10 confirms that the axial 
load reduces the peak reaction force in tension, increases the peak reaction force in compression, and 
reduces the reaction force duration. 
 
 
Deflection-Time Histories 
 
Figure 11 shows the time-history of global lateral deflection. Compared to Figure 9, the figure reflects 
a time lag between the start of impact force and the mid-span deflection. The lag could be associated 
with the inertia effect. Stress waves take a finite time to propagate from the impact location towards 
the supports. Therefore, there is a time delay between the start of the bending response of the column 
at mid-span, at one fourth of its length away from the end, and at one eighth of its length away from 
the end. In all the tests, the deflection reaches a peak before decreasing until the elastic energy stored 
in the specimen is completely released. Subsequently, the deflection remains constant. Comparison 
between the results for CFDST1A and CFDST2A shows that the axial load amplifies both maximum 
and residual deflections. 
 
 
 
 
 
 
Figure 11. Global deflection-time histories 
 
 
Figure 12. Axial force-time history 
 
 
 
 
Figure 10. Total reaction force-time histories 
CFDST1A CFDST2A
CFDST1A CFDST2A 
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Axial Force-Time history 
 
An important feature of the innovative impact rig used in the present experimental work is its ability to 
maintain axial load during the impact. The axial force-time history is illustrated in Figure 12. It shows 
that, despite a degree of change in the axial load (especially at the beginning of the impact), the long-
term drop in the axial load is approximately negligible. 
 
CONCLUSIONS 
 
A set of experimental tests was carried out to investigate the lateral impact response of axially loaded 
CFDST columns using a novel horizontal impact-testing rig. The innovative procedure and the 
dynamic failure of the CFDST were described in detail. The data were employed to present and 
interpret the impact force-time history, reaction force-time history, maximum and residual deflection-
time history of the column, change of pre-loading during impact, and the response time lag. The 
experimental results revealed the noticeable influence of axial load on the lateral dynamic impact 
response of the CFDST column. Further testing is in progress and will generate information to 
enhance our understanding on the impact response of CFDSTs in general and the influence of 
important parameters in particular. Some of these results will be presented at the conference. 
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